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[ASH 

^ tt o v ^°fl ^ #7l ?l^ti.ellol^ y o v ^^ (a) € = <H1 ^Hl^Hl ^1 

*M ^-ji #|^-^ ^o]5L *f- 7fl c^vs.^tLEi 2 *\% ^#ofl 
ufl*> 2L^7>» T&Tfl; (b) #7l ^-a> £^*V» °l-g-*H #71 

<8#-&*h*l £fl-§-^-8: #31; ( c ) #7l sl£ ^=£>1 ^^^-^S.^ #7l tfl-§- 

^ofltfl^rSl^^!^ ^Hr #7fl; (d) #71 S^- feS] 5)^ ^ 

#71 tfl-g-;*Hl cfltb <>1^ ^*Rr #31; ^ ( e ) #7l ( c ) ^ #7l (d) #31 

oflA-1 #7l 5)^1 ^ ^ #71 3g^ o]^ tfjE^l- 5-7^5. *H #7l ^ CELS}- 

#71 ^Hl^ ^H^l ^311- fl^SRr #7ll# if-^. 
£ 9 
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{Method for calibrating hand/eye using projective invariant shape descriptor for 
2-dimensional shape} 

£ 1^ a]^^ ^1± 0 J 71 ^-§-s>7l ^tr, ?Hl2f7} S^- <H ofl 

£ 2^ £ 1^1 £X|<a 7H12t^ iL^fe- £^^4, 

(pin-hall camera model )-§: .EE 1 ?!^^. 

£ 4^ S. 2*)] ?Hl2HH -tf^ol ^ti^fe JS»^& ^^ojcf. 

£ 7^ <gsl^ 2*R1 ^^S^-Ei £^7># ^^«r7l 

£ 8£r 5L 7°fl 5LA]<£ 2 ^ ^iLS.-f-Ei ^-*fl^l if-A} S^7>^ 7||XV 
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<n> ■& ^ iL <9 (visual servoing) 7l^ofl ^ ^ o_s, ^ 2* r € 

°fl tfltr ^MV -ir^^l X^l ^(projective invariant shape descriptor)* °l-§-tr fl^/o} 
°] ^i^H^ (hand/eye calibration) « 0 v ^°fl 3rtr 3Mi=t. 

<12> ^iS^-Bi *H *Ui 0 <J 7l#olH i&sRr cg^Kg- 

^71 ^«flA^ ^(hand)Sr, €=^1 ^€ ^Hl^rCcamera)^ 

(transformation) ^o>«>> ^-^r-fl , oil- 3l = /oH 28s} fcL3H^ 0 l s]- *Vc)-. ^ = / 

o>ol 2B£lw. 5)H^.g- ^?§f;\7} 7}^ ?±o) Aj-g-s]-^ ^ ^ *M-Tr, n] oi 

*rfe ^°lcf. °1 ^ 3l£ IH-EL^ ^Ji* €#*>^. 3*J-*M1 ^#^>7l 

<13> #eHl^ o]o}cq ^s-ofl cfltr 

(feature point)^- ^#*r°-3.*l ^ = /o>o] ^.eflo]^^. ^Sfl #t}. 
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M", H o V ^^r Wl^^^o] ^^-ofl tflSfl >*d^» 7\^*\d\ *r*83<H ^1 nfl^ f 

<14> ^ ^ O] ol=ji^> ^ 7] 4*11 tt, S^r ^^Sq- 7HE|-^ ^il* ^ 

<16> ^1-71^ Ol s.7l ^ ^/«=>H ^J^H^ « 0 >^^-, (a) 

S^r fc^l ^€ ?HleM ^RV ^-ji $^3 ^o^£ ^ 7 fl o] 
#3 <$^S-3f-t) 2*\Q ^^Hl cfltb 1-^^ S^7.>» ^*Kf- #7jl; (b) #71 

^> &^*}% <=>}-%-^ ^"71 <3#l-#^ cfl-g-^* ^1; (c) ^-71 sL£ 

€^ ^^l^^S-^-Ei ^7l tfl-g-^Hl cfltb 3# #7fl; (d) ^7) 

3*3= fi] 3*} ^ ^^l^^ilS^-Ei #7l cfl-g-^oi] cflt!: °l-g- ^1; 

^ (e) ^-71 ( C ) ^ ^"71 (d) #3HH ^Sfl*I ^71 Sl^l ^ ^ ^71 ol^ ^ 

« eTlS *H j£ 7 ) ^ = ^-7] fl"^Kr ^-7ll» 31^Hf- 

< 17 > ^-71^ °l^-7l i?}*H ^tgofl cg^o} cfl-g-^ "<H^, (a) 
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#^^°fl -§-#*IH ^ofl A>-g-^ = 7flA>^ (c) Aj- 7 ] 

HHEiS. Ai^ f ^^ b cfTfl; (d) >^ 7 i ^a> sfeHEil- &A I (e) 

^-71 ^-A> S^n] E-) el] -g-^^i ^7] # o]J^6fl #1^.51 cgAj-.g. 

^711; (f) #7] <8#6j| cfl*]- ^ 0 -|o) 
^ ^"71 ^711 3HEi7j;Ol ^O]* 7fl2:^^ #7ll ; ^ (g) ^ ^TH^S^o] -fr*H# 

<19> £ 1^ *]^<g A^oj 7 ]^c. ^^ 7 ] ^ 7Hl5f(H0)7V JL^- 1*3= 

(100)^ d\]^. loj^ ^o|4, 5L 1* ^-S^, >£^-§-iLS Af-g-sl^ ^ = 

(100)^ ^ ^-^r<=ll^ *HJE ^>u(- CCDCcharge-coupled device) 7H)eKll0)7> 

-*M!-£H £M, ^=(100)^ -g^M 4^ ^uzj-^l o^gflAi 

fc(l00)£] -g-^-i- sf-ov^ji ^fl<H*>7fl ^4. 
<20> S. 2tt S. l°fl £Al^ 7H1^ ^^r-i- Ji^^r S^tf. .£ 2# ^S*}^, ?M 

5^(110)^ 3711 ^1(111), CCD <H3M(112), *fe(114)S ^^cf. ^1^(114)^ 
^ <r3*H *J)#3*r ^*Vt}. CCD <H3H(112)^r 7H1^ 3!^(114)» 

*fl ^^A^- ^^(image planeHl sfl^^H, ^ 

^ <3«-§- ^tb^. 31^(114)^ ^tflS ^1^(114)^ ^ 

°fl>H CCD <H3H (112)^1^ 7^ = ^^7lE)(focal length ; F)H} ^cfl, ^elofl 
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<2i> £ 3^ £ 2«^1 ^>pllel-(110)» 5.^ S>7j ^tr ^# 5. 

<I(pin-hall camera model )-^r H 0 }^^ i^ojcf. £ 3-g- ^-S^, ^Hl^r S^oll 

A i tfl^ ^r^Cprojective transformation) ^4 ^o] 5.X|£lc|.. 

<22> 
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*31 *32 *33 *34 
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<24> 



^7]Ai, ( U ,V,1)^ ^(q)^ 3r3£<>"|Jl ( (X, Y, Z, l)^r 1-^11 3]- 

rfl-g-s]^ ^(P)^ tijfe ^]<£4 <8#^ ^H^l ^ 

(transformation matrix)^) ij^fl M-Bj-^cf. 



<25> 



1 



t 31 X+t 32 Y+t 



34 
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*14 
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'31 
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[<r*M 2] 

<26> 1] * 2HH <£ ^ &i=. ti}<2}- ^o], tfl^ ^ 

til ^3014. zl^u)-, ^ler( 110)^1 ^*fl 2*}Q 

2H*1 M-^-tfljl 91^ ti>^ ti] ^ ^ O] ^A}^§A1|. ZlcflS. A}-g-S>*l ^J7, Cf-g- 
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< 27 > ^ 4^ s. 2<*H ^Hl^KllOHH Aj^ol 3.^0. iTgo] 

tf. JE 4<i w>sq- Qo], 3.7)(S 0 )d\] wl*H ?Hl2K 110)3.^ §*H7>*1^ 

7jeJ(S)7 r 37fl Ej^, 2]°)}*] M-Ef^Jl ^ Ul^^^o] ^-A>^^^ 

<28> 

[<r«H 3] 

< 29 > o]<q. ^ ^ av^l^lfe S.^}^ fl-eH a^* r (Fourier 

descriptor^} &rj-. ^e|ofl a^*}^ 2*r€ #*H^ o]nl^)^)' ^^-^ofl cflsfl 2*HL ^fe) 

^ 7HI«r3 ^d^^o] iL^s)^ ^-fC^r, 7H|2Kll0)£r #*H A >°17> ^ ^Hl^ ^ 
9X^. €■ ^^IM^r ^ ^*}7) ^*fl 7H|3K 110)^1 

Hr^ *}^<>1 ^s]^ ^-f 7H]5r(110)^ #^11 A>ol7> ^ ^-f )7 r ^qclerS, 

#l^Rr M-^M-^ 110)^1 

^ iL<^Tr S^l^. 5. 6* ^-S^, S^- ^=(100H1 tfl-§-sq^ €^ ^rS. 

31^, ^Hl^r 3r&3H tfl*j| 5)^1 ^ ^ ^ *3 °l^(^r, *g*!£^)-§- 3J*r 
* *r ^B-S., S£ fe/^H ?l^*z])°}#£r, ^313 sL£ fc(lOO) 

7Vnfls}(no) A>olofl si ^i^^ (rotation matrix) R^l z\ .^(^HleK 110)^1 
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*c v 1Ml tfl -§-)«!■, ^ ^(translation vector) t$\ A -S-i(?H)eK 110)4 4*1 

(100)4 ^er(HO) *r°l^ ^Tfc 4] 4 ^-o] uJ-b}-^ ^ ?H)eKll0)4 

<32> 4 ] X a =jRX c +/ 

<33> o\7}*\, X h ^ €^(100)^1 2rS3K^r, «J= 2rM)«- M-^tflJl, X c ^ 

(110)4 4S3l« M-Bf^Cf. ZL^Jl, 2]^ M-EftflJl, t^ ^ o]^ ^E^» 



<34> 



f X /-v 
( W -„ 0 )=^^L, (v .v 0 )=4-^ 

<35> ^7}>H, U ^ U 0 £r #4 X 2flt M-Hf^Jl, V ^ V 0 ^r <8 tf^ #4 y 

» H-Bf^Cf. ZL^Jl, ^HlBf 31^(114)4 CCD <H3H(112) ^T^s. u}-Bf 

iflal, Sx Sy^ 4^ ^^1^ ^3 (scale factor)* 3^7^(0 

^ -M|<y ^Bi(Sx, Sy)^ ^ 7M)4(110)4 JL-fr M-Bfiflfe ^^1^, ?H1 

4(110)4 44 jLftsq #o] 3*J)^ 

^3^1 S^c4 -£4<y ^S. ^pi-^pi^+fpiofl tflSrH 4]» ^-g-«r7fl 4^, 

<37> ^4 6] ^.i+^V^+O^Vi 
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<38> [^tj-^i 6 ]* oln] ^jt oi^ 7H1*K110)£1 -§-*)<y Xcl0l l cfl^fl ^£)^}7fl sq^, 



<39> 



<40> ol ^cf. [^ai 7]o] l^ 5)*}^^ ^^}JL ^^(translation)*!:* 

<41> -J? 1 

8] ' cl ~ ^ 

<42> ofl <q*|] ^^711 «tj.. Ol* 3 7H ^-f 2} s ^ o.2|oj ^ (tpl> tp2> tp3)o11 

<43> r -1 

<44> ol ^t}-. o] nfl, o§# hJ}^- (0Fl( 0 p 2> ^ > oj^. ^ 



<45> 



„ J («r»o) 0,-0 



10] 



<46> f 

f=— f =— 

<47> ^ aio^e] -H-fr 43**1 3 ( intrinsic parameter)!- *H-i+S r ^, 



<48> 



—^2" C"l-" 0 )C«2- M o)- 4 —F2- ( V l- V oXv 2 -V 0 )-4-l=0 

in ^ 



<49> [OF-^ - <3F* 3 = 0] 

V O i-"o)(«3-"o) + -F2- ( v ! -v 0 )(v 3 -v 0 )-h 1 =0 
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<50> 



[OF 2 - 0^ 3 =0] 

-prr C" 2 -"o)C" 3 -"o)- f —~^ (v 2 -v 0 )(v 3 -v 0 )+l=0 



<51> 



<52> 



°1 11]* 3e]*ra 

M 0 (w 2 -M 3 )+S 1 (v 2 -V 3 )-j: 2 V 1 (v 2 -V3) = M 1 (w 2 - W 3 ) 
12] M o( W l- M 3 ) + - S l( V l- V 3)-- S 2 V 2( V l- V 3) = W 2( W l- W 3) 



<53> 



<54> 



13] 



(w 2 -« 3 ) (v 2 -v 3 ) -v,(v 2 -v 3 ) 

("r M 3 ) ( v r v 3 ) -v 2 (v,-v 3 ) 

(«' 2 -«' 3 ) (v' 2 -v' 3 ) -v'jCv'a-v'a) 

("'i-»' 3 ) (v',-v' 3 ) -v' 2 (v',-v' 3 ) 



u, 



u 1 Cu 2 -u 3 ) 



<55> 



°1 &t±. 



<56> 



^4 S.-^# JLBJbH, 3.* €^(100)4 ^Hl^ 

(lio)^ ^ o]^ t » 31^}^ 4-8-4 ^-cf. 



<5?> <c=*K.' + ',i-') 



14] 



<58> 



<59> 



ol7H, o] D ] OJ.J7 ol^ 0.3^ ^^.oIji, R-g- JL^ €^-(100)^ ^ 

& 3«i^ Tfl^ Sl^^^olrf. ZLB]J1, ^'lO. ^ tfjE]olj7 ( 1^ oj 

S]fi] 2^ ^^S^-E] 7flA>^ ^-A> 1-^^ I^7H4. €^/°M ^BULSIM^ 
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<60> 



^HS. zl #o] V^X] oy^ !=A} S^^>« <^l-g-^H 110)^1 S]*fl #^ 

€ tfl-§-3#* I^KH^, °1« ^slti.5)lo]^ E^TJI O.S A}-g-£H ^/^M 

det(q 5 q xq4 )det(q 5 q 2 qj _ det(P 5 P X P JdetjP 5 P J> J 
15] <*et(<l5<lx<liWet<<q 5 q 2 qJ det(P 5 P X P Jdet{P 5 P ^ 4 ) 

<62> <*|7H ; ^^l^olJi j q ^ olofl cg^-^olcf(£ 3 . [^*\ 1 5 ] 

<Hl ^l~§-€ det(-)£- <^>efl^ 16]^ ^ ^s^t}. 



<61> 



<63> 



det^q^q^q^f 



[^Al 16 ] 



y\ 

ill 



<64> 



detdP.P^P^f 



-^lTj -^^2 "^^3 

1^ Y Y 

1 1 1 



<65> 



15] * 16] 4 £o] j=a> K^Kl)^ 2] 

Q ^ a] ofl£ ^>*1 ^ ^iL£Ai, ?M?K 110 HI £]*fl ^1^-51 cg^o) 

<66> £ 7^ ^£]2] 2^ ^^-o_^Ei ^a> l^KDf H^-i- 

7l S^olc]-. £ 7^- ^S}^, £^011 2*H1 ^#2] ^^Hd^ ^#^> 

-31, 5 7fl£] ^^>o.5. -g-^ ^-^-tVcf. n.B]3L, 5^-g-£ ^ ^ 
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l(l), Xi(k), X 2 (D, X 2 (k), X 3 (l), X 3 (k), X 4 (l), X 4 (k), X 5 (l), X 5 (k))3 3±&% ^ 
[*r*Hl 15] ^ [*r«H 16 H ^WM ^> 1-^^ 31 ^tf. 1-^ 

3E«*V3 31^1 ^"71 ^#(Xi(l), Xi(k), X 2 (D, X 2 (k), X 3 (l), X 3 (k), X4(l), X4 
(k), X 5 (l), X 5 (k))£r 2*M £)*9"!d* 4^ ^^Md 1/Nwfl 

^ 3)2^ <^ H1 15]^1 cflog^^ oil- 

<68> ^7]^), 

<69> .*,(*)=(.*(*). r(Ar), 1), 

<70> / AT AT 

<72> / 37V 3M \ 

J5f 4 (Ar)= (JT( -t-/fc), r( ~ + kX 1 ) 

<73> ., 47v 4 at x 

^ 5 5 1^ k < N°H, X(k) ^ Y(k)fe ^ 2*\Q 

<74> oVoflAi ^^t!: ^HH £ 7^ tg^O.S.y-Ei J= A > ^(1) 

4(^, ^> -i-^)^, ?HleKll0Hl £)n ^^-^ ^Efl 7 > ^s^bJ-S. ji-fi-o} 

-*M*Hr ^-i- 7>^lcf. ^HM, ^7) ^\ lr€^ S^7KDb ^o]^ 
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^^(slant angle)^ £3H] tfl^ cg^o. ^ o>- s^o. ,45^, o] £ 

<75> J=A}- IM(D1 °l-8-*H ^^(110)^1 ^«fl #)^r€ ^^-#^0] tfl-g-^ 

<76> ^^-I-^VO] tfl-g-^-g. ^#*}7l ^A-^ ^ ^A> S«*KIW ^ SLX} 

(error)7> ^sq^o) *Hr31 , -g. ^ ofl *| i=- 7}^-X]oy ±0)2, sl ^(Gaussian noise 
model °l-8-«H #7l on- ^Sj) 17]^- 3^0.3. q. 

<?7> JetjXsX.XJdeKXsXJCJ 

<79> ~ 

^7}^, O,.^ # #(true)3 (^^'Xfr 34^lB](noisy 

observation parameter)^ nfl , Iqo]^ %^ 

<80> ~ 

193 *' = *' + ^> ^ = ^ +| l« 

4 £°1 S^l^cf. <^7H, %Knoise terms) 9J ^'fe, ^-g-GneanW 0 

°]ZL 3£* r (variance)7> CT ^<?] ic^l^. ^-(independently distributed noise 

terms) , rf^-sf ^o] ^S]4gtf. 



<81> 
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<82> £[y=£h,]=o 

J o 0 if i-j ( a 0 if i=j 

m ^~\ 0 o/Aerw/se ' E[ ™J ]= \ 0 o/te/W 
E^«M 20] E W =0 

<83> cg^- ^-ofl ±o}^ <#( no isy measurements)* ^*Hr>:n, °l-§-^H in 

l:^^ (noisy invar i ant S^}^ ^--g-sf ^-^r. 

213 -^i' x 2> ^ x 3' x 4> y*> x s' >v 

<85> i-o]^ Ir^^ofl rfltr ^ ^(expected valued € ^(variance)* ^-*>7l 

'(W.^^W^W^M^ ^sfl --^(Taylor series)-?. #7fl*r£ 



<86> 

I — / t 



[^r^ 223 



/=iL 5 5 JV, J 



<87> O] £t}. O] , 

3/ \~ / a/ 



<88> «; _ A. 2 „ -V 2 



233 

<89> o] ^cf. zlsIji, ^cH^i ^ol^ l-^^ofl tflSH =^l#=(threshold)fe ^4 

<90> 243 A/=3Xv/£[(/-i) 2 ] 

<91> S £ ^=(100)41 ^HlsKiiO^Ei ^^IrS^-Ei rfl-g-^# 

(110)5.^-1=1 331 CflojEl^ Cf-g-olf fiAl^uf. 

33-16 



1020020072695 



13*1-: 2002/12/4 



<92> 



i^n-q 25] 



Mo 



<93> 



°|7H, " ^ » fe- ^ (scene) 2.^ (model )3 ^31^ 
7fl^# ^ i+Ej-tfl^, o]s. ^ ^)o]b\^ N 7fls1 cflolEls. >H (subsampl ing) 



<94> 



<95> 



<96> 



<97> 



(normalized contour HM1 ^S^l 7fl^# M-Ej-yflt]-. 

°1<>H, [^r«H 26HH ^ °i-g-sH ^-i- ^sj- 

(minimizing) ^} 1-*)^ 5.1!*}* ^S}^ ^cf. 



<98> <^7H, A, b, C, ^ d^ ¥ 0.3^] ^S^fe- Ifi^S.^, O> 2 flo 1 [ 

*r«H 28] £ 29] £} £oj S^l^. 



<99> 



28] 



i 



<100> 



<101> 



27]<HM 3MH(weight ; w ')fe 23 H £)Sfl 5Q*H ^*fl 
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<102> 



30] 



- <103> 



<104> 



31] r=(Q T Qy x Q T H 



<105> oj^j, 



<106> 



p = (5, s; s ; Sj s ; s; s ; o r 



Q = 



wxr wy;- woo o wxrxr »xt 



0 0 0 w.X," wY," w, w,Y, k xr w.YiT" 



<107> 



H=(--- -wX '*X •")'•• 

[t 1 ^ 3l]ofl s]*H *F*> *«^3 4^1^7> ^s^s]^, ^HeKiiOH) ^sfl 



<108> 



<109> 



<110> 



32]^ ^-ol ^^.o] ^^£]ji uf-ig, o>2floj 33] 4 ^-o] £ 



<111> 



t 2 0 



33] '■»■ 



33-18 



1020020072695 %^ <Qz}: 2002/12/4 

<n2> 33]«hi s*\n a a°x% ^o]^ y 1( x 2 co , )# oi-g-^>^ 

t\rX\ (sampling) S)^, ^<^^ 

<113> ._, A7 

34] _c, <2(0> 1-1 

<114> 7} ^Cf. 

<115> o]6]X\ t ^ ^aJ-^o] ^>7> ^ «^ vflofl #o^iL3ES. aJ- 7 ) [^tj-^ 29] ifl*] [ 

3L*Hl n , Ij) ^ -fr^rS ^(similarity valued ^-o] ^<^t}. 

<116> AT . 



similarity (_I m , 7,.)- " ! 



<117> 1 |7 m (*)-7,(*)|<A7 



[^r*H 35] OT ' ™ 

(. O otherwise 

<118> ol<4 ^-o. ^ o. A>£ ^ ^ 2 ^ £o| J=3l# = ^ 

^ 37fl sq^, #<3#4 ^aJ-o} cH-S-^lro] a^ <^5} ^o. s ^tlr^-. [*r«H 
35]«lH AI ^2)-, ^n 1 ^^^>7l ^t-V ^£ll#H. ^x$o) <£X\ 

<ii9> £ 9^ ^ ^r^tl: ^Ho)] 14= ^ = /6>o] ?J1 e) w. efl o] a| «^ o. 

2*R1 ^^>o.S-?-Ei ^a} ^-i£tg S^7>(I)# ^a>^(210 #7fl). oj^A^ 7}] 

^ fi^i*Kl)» °l-g-*H ^Hl^K 110)5.-^ ^##3] 
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^#3b4(220 ^Tj]). 220 ^Tflofl^i tfl-g-^^ ^ = /6>ol ?fl^ti.5flo)^ 

<120> zis^ji, ^ ^^l^AS^Ei ^ ^&(^r, tfl-g-^Hl tfl^ 5)^ 

• «81(R)°1 ^l^€cf(230 ^1). °1 nfl, ^l(R)^ ^a>^ 8]ofl ^*fl ^ 

14H 230 ^ 240 #7lHH Sl^ ^^(R)jq- sgsj ol^- «flEi( t )7} ^-n*} 

Tfl 3^, S.^- ^=(100)Sq- ^Hl^(HO) &7f\9l X » =RX c+>^. f^<5}^ ^/o\ 

ol?fl^w.eflo]^ol ^s.^cf(250 <*|7H ; -*/,^ ^.e.(ioo)^ ^-S^ll- ^ 

^3-, "^xr ^ €^(100)^1 Jf^m ^Hlsl-(llO)^ M-Bj-^ti)-. 
<121> s_ £ gofl ^<3^#3 tfl-§-^ ^# « 0 V^^- iaj^H ^ * 

^3-^, f£/6}ol ^e)y.eflol^^. ^*^l-7l ^n^^ 

^^>7fl $)*J|, £ lOofl H>Sf ^-ol ?H1SK110)<>1 W)A]^^olu|- ±0}^ 

°fl ^ -2-*V» 3^*Kn(2200 ^Tfl), <3^-o} ^o]^ <£.g. Jg.^^ ^o]^ Ir^^-i- Tfl 
^^(2210 #7|1). ZLS^Jl, 2210 ^tHH Mr^o\] = 

# 31^4(2220 #?fl). 
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<123> o]oH, ^Hl2}(110)ofl ^<^^4 ^<3#^ ^Tfl c-flolE^# ^#^>J1 

(2230 #31), ^Tfl c))olEi# N7fl^ c-lHEis. ^J±^#*ytH=K2240 #31). us] ji 

, [^r*Hl 3lH ^T^M s A} . «.t^ sj-ej-plE-H- ^4iS}-*>jl(2250 #7jl), s)^3Ha -f- 

1-^^ 4^)bH1 -§-^^i ^^J-a- ^i^^S ^«:t!:i=f(2260 #7}1). 
*~H , ^ ^H^l all- ji^3r>c^ ^Tfl cflole] Afoloj ^o]i- 

^2:^4(2270 #7fl). 

<124> 2270 #7jHH T^Tfl tl)o)B\ A>o]^ ^ol7l- T-fl^i^, ^<3#4 *<8iHI tfltb ^ 

^3l^#4 -fr^M^ til 5E*]-ZL( 2280 #7}]), ^-71 -H-A>^ ti] ^Hf^ ^-g^-a) ^c§^4 
^##3 cfl-g-^* ^#tb4(2290 #7)1). 

<125> ol<4 ^-o], i^ofl ^^/oVo] ^E)ti5lH^ ^A} 

(i)« °]-§-sH #^4 ^##3 cfl-S-^^- 44*1, ii^l^M- wi^^^o] 

S. o\]*.]s\9l<L^, ^o] E ^q- oi#o] ?H14» ^ ^^"-i: -§-3H *fl 

# .g^o. ^jo^}-^ Cfoj:^ ^eo} H|^^ ^-^l^ofl £ ^ ^ 

-g-^ ^ &4. 

<127> a. S}* ^ ^ SJELS 

4 ^^Kf 7Hr44. ^^7> g-fr ^ 71^-nfl^^ A)^^o)] o] ^ 

^ HH44 4^4^ S.^- 71^*1!- i^-fVuf. ^^7> 

*r 9l^r 7}^ui\x\}9] ofl^ ROM, RAM, CD-ROM, 44 eMh i ^S3]^£EL, #HH4 x\ 
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°i-§-*m ^l^i <3^M- oj* <^#oi cfl-g-^oi ^^>tii 
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1] 

" 7fl 0 1#3 <8##sL-?-e1 2^ *§#<>fl tfltl- ^} ^3*8 ^*Rr #31; 

(b) #7l ^a> °l-g-*H #7l <g#*#£l tfl-g-^-g- £ 

711; 

(C) #7l S£ €^ ^^l^^A^^-Ei Aj-7l tfi-g-^ofl Cflt!" 3^1 ^*S* ^*Rf 

#31; 

(d) #7l €^ s)^ ^ ^£^-3.^ #71 tfl-g-^H tfltt ^ o]Jg- 
^Ell- ^tfe #31; £ 

(e) #71 (c) ^ #7l (d) #31°1H ^Sfl^] Aj-7l S)*} *3*g ^ #71 Vifl 
5-TlS «H #71 3.3- ^=<4 #71 7>^Bl- Al-ol^ fl-^^ c^j.^ iW 

2] 

*ll l ^1 SZ<H^I , 

#7l tfl-g-^ #7l ^s./c>oi ^sly.efloi^^. ^^^r>7l ^ tb ^el^elM^ E^o] 
51^- ^islti.eiloi^ 

[^^8- 3] 
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^•7) 33 «8=g R£- ( e ^o] JL> o)u] <gji ^7) sL£ 

4] 

^1 l *M 9X^, 

^7) sgsg ^B] t^, ^r7) R, a]Ei7V , o] u] oj-ji 

^7) S^r ^=21 -§-^°J ^iL7> C^i-'pi), ZL^ZL ^"71 Cfl-g-^ofl C|] ^ £ 

5] 

*fl 1 %H1 5^1, 

^"71 S£ 5^7^, #7) ?M^2\ ^&7HQ ^7} ^1 #7} 

6] 

^•7] ^} a^7|-^, P7> ^l^U, q7 \ s$7) 1-^1^ pofl ^-§-£)£r 

j = det^q^q^q^det^q^q^ _ det<jP J> ^ ^detjP sPzPJ 

det<iq s q x q^det^q s q^q^ det(P ^ X P ^detQ> J> J? J Q ^ 

^"71 det(-)^r 
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det^q^q^q^^f 



yi y 2 y* 
111 



JC l JC 2 JC 3 

y x r 2 r 3 
111 



— 2\j4.rea of A7 3 lJ P 2 7 3 3 ) 



7] 

^71 (a) #7]]fe, #7] 2*V€ ^^Hd^§- n 7flS] ^, %7] 

$i*w uii^h -a-71 3|-3Li- >a-7i ^o]^ 1/Nyfl n>3.^ o1 ^^ ^. 

I^T 1 * 8] 

< N°lJL, x(k) 9? Y(k)7> #7] ^ 3-I£^# ^ nfl, 
-*\(*)=C*(*), 1), 



27V 
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/(*) = 



9] 



*)1 1 &<^ ( #?1 (b) #31^, 

(b-1) #71 ^4 1-^^ X^*H ^ -2.*>« ^^^Jl, i^>l^ 7ll#*} 
#31; 

(b-2) #71 Ir^^l -§-#*lH cfl-g-^ ^<H1 ^f-g-* ^efl#=» 7fl#^>^ 

#31; 

(b-3) #7} ^#1-5.^ 3 31 cflolEl* ^#*>JL, ^#=1 zj-z)-*] #71 zj 

31 t-lHEi!- N7fl^l cfloiEls. *|iM§**y*Rr #31; 

(b-4) #7l SJ-51-DlE^l- aj^a^fe. #31; 

(b-5) #71 ^-A} ^el-PlE^ofl #71 <3#* ^ ol^ofl 3 

^€ <3#^r ^1€ ^#^.5. >a^Rr #31; 

(b-6) #7l <3#<*1) tfltb ^o]sl tal# jisl^H #71 ^31 cflolEl^ 

7 ^lf 31i£zj*Kr #31; £ 

(b-7) #7l 33l4i#z>sl -B-ah^ #7l ^##^ Cfl-g-^^ ^#<5>^ 

#31* 3L^-*Rr ^^SlsL *}±t m^/o}o] ?«E)y HJ-^. 
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io] 

<#7] 7>-f a]o> 2^o]^ JE-tCGaussian noise model)^- °l-§-^>^ ^^S]^ ?A 

XI 9 %H] £M*i, 

>^7l €^M<>1 ^S^H^ wj-^^, 4>7l ^|-7> dfc^ ^ofl -g.^^- nfl^l 
^"71 (b-4)^^l ^7] (b-6) #7fl» ^*Rr 3* S>^r €-E-/°H ^ 

12] 

(b) ^7l i^ol^ ^BHl -g-^flA^ cfl-g-^ ^ofl Aj-g-^ =efl# = § T^fe 

#31; 

(c) ^71 <3^I-^fEi Zj-Zj-^ ^H^# ^71 Zj-Z^ ^3) 
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^°]t 4l2:^Rr #31; £ 

13] 

41 12 ^Hl 5d°H, 

^7] _2_;*Kr 7>-f Alo> ^o]^ £t (Gaussian noise model °l-g-*H 33 
14] 

41 12 &<>H. 

^■71 tfl-g-^ ^# ^£r, ^71 ±X}7} ^^ofl ^-o^ Bfl^ 4V 

71 (d)^^l ^"71 (f) #711-1- ^*Rr 3# *}^r cfl-g-^ ^ 

* . 
[3^* 15] 

41 1 U" 41 14 ^ # D"^ « 0 >^^- ^^fEi^Ai ^^A]7l7l ^ H^. 

71^-tb 3^JjiL ^ & 7m nfl*||. 
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F(£8^s|)' 
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[£ 3] 




[S. 4] 



So 
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[Si 6] 



«ifi es+sss oil ~~ ]'\^\ *mn\ 




[£. 7] 



Xl(1) 

X2(1) 




xi(k)\ ss 


X5(1)|| 


§pf§>X3(l) 


X4(k)l| 


|l : isfoX3(k) 
~X4(1) 




-10-L 
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[51 9] 



•210 



— 220 



sHEt>l| qy sis gg Tfl/u 
(tci= R" 1 tPi) 



ifiEoii S8 o|g ajE) 
(t=(Rpi-l)-i(Rtci-tPi)) 



SI a(|Eio)| o|«| 

(Xn = RXC+t) 



•230 



— 240 



•250 
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[51 10] 



( a| n } 



•2200 



2210 



2220 



gj#a? "3n qio|Ej *g | — 2230 



37il qo|Eig N7«°l 
q|o|EHi aim 



— 2240 



(P=(Q T Q)- 1 QTH) 



— 2250 



MtfS nf5^|ElO|| o| 8 | 



— 2260 



oj#o| Sg ^1^.01 ^o|£| U |g 

zf STd qe|e| a^|oj ^ 0 | Ajns 



•2270 



*g#o| g^Ajyoj 

#A^ up 



2280 



•2290 
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